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ABSTRACT

Objective: Radiodermatitis is one of the early complications of radiotherapy (RT). In an acute setting, skin changes may vary from mild hyperemia
to necrosis. This study aimed to compare the effects of vaseline, mometasone furoate (MF), propolis and ebselen on acute radiodermatitis and
demonstrate an alternative topical treatment method that could be suggested to reduce adverse effects.

Methods: A total of 40 male Wistar-Hannover rats were separated into 4 groups with 10 members to be applied with vaseline, steroid (0.01%
MF), propolis (30%) and ebselen (1%), respectively. All groups received radiation at a dose of 3,000 cGy. Following the application of RT, topical
applications were applied to all groups and repeated once daily until the experiment was terminated. Skin biopsies were taken from all subjects and
examined in terms of erosion, epidermis atrophy, basal layer degeneration, neovascularisation, polymorphonuclear leukocyte (PMNL) infiltration, loss
of hair follicles and collagenisation.

Results: The level of erosion was found to be significantly lower in the MF group. Epidermal atrophy was statistically significant lower in propolis and
vaseline groups. Propolis significantly decreased basal layer degeneration compared to other treatments. Neovascularisation rates were significantly
higher in vaseline and ebselen groups. No significant difference was found between groups in terms of PMNL, loss of hair follicles and collagenisation.

Conclusion: Different agents with different mechanisms of action may be used according to the physiopathological progress of radiodermatitis. Data
obtained in this study suggest that combined use of MF, propolis and ebselen according to erythema phases may mitigate the clinical progression
of acute radiodermatitis.
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INTRODUCTION

One of the early stage complications of radiotherapy (RT) is acute
radiodermatitis. As a result of RT, various changes in the skin can
be seen both short and long term. In acute period, these changes
may be limited to simple hyperemia; however, this may progress
to necrosis. In addition to deteriorated skin quality in the acute
radiodermatitis, the quality of life of the patient can be seriously
negatively affected by redness, pain and itching in this difficult
period. Furthermore, the early termination of RT because of
unhealthy skin tissue can cause the cancellation or postponement
of potentially necessary surgical interventions, leading to
treatment delay. There is no way to prevent formation of the
acute radiodermatitis; however, various methods are applied to
ameliorate the course.

Ebselen is a synthetic seleno-organic compound that shows
similar activity to glutathione and thioredoxin peroxidase (1-3).
Ebselen was designed to protect the skin from oxidative stress
caused by ischaemia-reperfusion damage (3,4). Previous studies
have shown that ebselen inhibits radiation-origin apoptosis (3-5).

Propolis is a resinous material collected by bees from plant buds
and exudates, mixed with bee enzymes, pollen and beeswax. It
has been suggested that in addition to the anti-microbial and
antioxidant properties of propolis, it also shows anti-inflammatory,
anti-tumoral and immunomodulator activity (6).

This study aimed to evaluate vaseline, steroid [mometasone
furoate (MF)], propolis and ebselen in respect of ameliorating or
preventing acute radiodermatitis and compare their superiority.

METHODS

This study was approved by the Local Ethics Committee for
Animal Studies of University of Health Sciences Turkey, Bagailar
Training and Research Hospital in April 2018 (approval number:
2018/47, approval date: 30.04.2018).

A total of 40 male Wistar-Hannover rats, weighing 200-300 gr
each, were divided into 4 groups each to be applied with vaseline
(control group), steroid (0.01% MF) propolis (30%) and ebselen
(1%), respectively.

On the first day of the experiment, all subjects were anaesthetised
with 5 mg/kg xylazine and 50 mg/kg ketamine intraperitoneally,
and the caudal dorsal region to which the RT and topical
applications were to be applied was shaved.

All groups RT at a dose of 3,000 cGy using a Varian Clinac® IX
Linear Accelerator, from a distance of 100 cm, with the use of a 1.5
cm bolus with 6 mV energy as a single fraction in service mode. RT
was applied in a total of 5 sessions.

Following the application of RT, topical applications were applied
to all groups and repeated once daily until the experiment was
terminated on the 12 day.

On day 1 after the application of RT, 2 rats died that were
evaluated as anaesthesia-related complications. On days
3-4, rectitis developed in all groups. On day 4, 2 rats died and
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another 2 on day 6, which was thought to be secondary to the
development of severe rectitis despite fluid replacement. On day
12, an additional of 2 rats died, yielding the total losses to 8. The
study was terminated although it had been planned to continue
for 21 days.

Histopathological Evaluation

Skin and subcutaneous tissue biopsies were taken from all
subjects. Following fixation in 10% formaldehyde, samples were
embedded in paraffin blocks, and then slices of 4 microns in
thickness were obtained. Samples were stained with hematoxylin
eosin, Masson trichrome and CD34, then examined under a light
microscope and graded by a pathologist in respect of erosion,
epidermis atrophy, basal layer degeneration, neovascularisation,
polymorphonuclear leukocytes (PMNL) infiltration, loss of hair
follicles and collagenisation parameters.

Statistical Analysis

Data obtained in the study were analysed statistically using
the Statistical Package for the Social Sciences 24.0 software.
Descriptive statistical methods were used, and results were stated
as frequency, percentage, mean, standard deviation, median and
interquartile range values. To compare erosion measurements
between groups, the Kruskal-Wallis test was used. To compare
other parameters between groups, the Pearson chi-square test
was applied. Results were given in a 95% confidence interval. A
value of p<0.05 was accepted as statistically significant.

RESULTS

Macroscopic Findings

Erythema was observed starting at a significant level in all
subjects from the 3 day onwards. Hyperemia was most evident
in the vaseline group (Figure 1). The finding of epilation was not
evaluated macroscopically as the area applied with RT was shaved
in all subjects so as to prevent topical applications inhibition.
During the 12-day follow-up, no erosion, dry/wet desquamation
or ulceration was observed macroscopically in any subject.

Microscopic Findings

Erosion

The level of erosion was 0 in all subjects in the steroid group,
which was found to be significantly low compared to other groups.
The difference between other groups was not determined to be

statistically significant (p>0.05).

Figure 1. Rats on day 12 post-irradiation a) ebselen, b) propolis,
c) steroid and d) vaseline
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Epidermal Atrophy

The presence of epidermis atrophy was determined to be
significantly high in ebselen and steroid groups. Whereas, in the
propolis and vaseline groups, the rate of epidermis atrophy was
significantly low (Figure 2).

Basal Layer Degeneration

The presence of basal layer degeneration was determined at a
significantly high rate in ebselen and steroid groups (Figure 3),
whereas significantly low in the propolis group. In the vaseline
group, basal layer degeneration was observed in 50% of subjects
and was not determined in 50%.

Neovascularisation

The rate of neovascularisation was determined to be significantly
high in the ebselen and vaseline groups, whereas significantly low
in the steroid group (Figure 4).

Figure 2. Significant epidermal atrophy in steroid group
(hematoxyline and eosine x200)
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Figure 3. Basal layer degeneration at the epidermal-dermal
junction (hematoxyline and eosine x200)
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PMNL Infiltration, Hair Follicle Loss and
Collagenisation

No statistically significant difference was determined between
groups in respect to these 3 parameters (p>0.05).
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Figure 4. Significant proliferation of capillary structures in dermis
in the ebselen group. a) hematoxyline and eosine x200 and b)
CD31 x200

DISCUSSION

Following the exposure toionising radiation, double or single chain
fractures occur in the nuclear and mitochondrial deoxyribonucleic
acid (DNA) structure of cells, and free radicals are formed as a
result of water molecules interaction within the cell (7-12). Free
radicals inhibit synthesis of DNA causing further DNA damage,
leading to structural changes of protein, lipid and carbohydrate
molecules (10). The degree of radiation damage shows variations
according to the total radiation dose, area of the body irradiated
and tissue volume and frequency of application (9,12-14).

The first side-effect seen in the skin associated with RT is erythema,
which can be classified in phases of early temporary erythema,
primary erythema and late erythema. Early temporary erythema
develops within hours of RT and is related to changes in vascular
permeability (11,15,16). Within 1-2 days the early temporary erythema
recedes, but more intense erythema may develop later (14). In
this phase, the skin is hot and has a red and flaky appearance (16).
The primary erythema reaction seen on approximately the 10*
day originates from the inflammation developing as a result from
epithelial basal cell death. Late-stage erythema is seen between
the 8" and 10" weeks as a result of dermal ischaemia and may give
the skin a slight blue colour (14,15).

Following the loss of basal cells in the epidermis, epidermal
hypoplasia starts to develop within 3-5 weeks (15). Epilation and
dry skin are observed as a result of reduced mitotic activity in
the epidermis germinal cells, hair follicles and sebaceous glands
(10,11,16,17). In dry desquamation seen at the end of the 4%
week, changes in the skin are characterised by itching, flaking and
increased melanin pigment in the basal layer causing a change in
skin colour. With increased severity of hypoplasia due to radiation
severity, age desquamation starts to be seen. The epidermis is
completely lost in irradiated region and the dermis is exposed
due to the opening of bullae which develop suprabasally in the
irradiated region.
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Still, no gold standard treatment method is reported for
radiodermatitis, and studies on this subject are on-going.
According to the common view, the best method is the
moisturisation of the irradiated region to prevent or minimise skin
reactions (18). Methods reported in literature include washing
with soap, use of deodorant, various lotions, aloe vera, calendula
officinalis, biafine cream, hyaluronic acid/sodium hyaluronate
cream, corticosteroids, sucralfate, antimicrobials, barrier films,
various wound coverings, oral enzymes, pentoxifylline, colony-
stimulating factors, Vitamin E, prostaglandins, nitroxides,
hyperbaric oxygen, thrombocyte-rich plasma, zinc sulphate,
azelastine and captopril (15,16,18-22). Various studies showed that
corticosteroids are effective on an acute radiodermatitis table with
an anti-inflammatory effect through various mechanisms such as
vasoconstriction, capillary permeability and leukocyte proliferation
and migration (23-25). Given the fact that moisturisation is the first
and indispensable step in radiation dermatitis management, we
designed the control group as the vaseline group with the aim of
imitating this clinical scenario.

Unlike other rat model studies (21,26-28), the applied dose of
radiation in the current study was determined as 30 Gy. As a result
of radiation applied with a linear accelerator providing a photon
beam, 6 of the 40 rats in the current study were lost within 12 days
because of diarrhoea which developed as a result of radiation-
related rectitis, thus, the experiment had to be terminated. In
the planning of the study, the rectum mean dose of 3.4 Gy did
not present any risk in respect to rectitis, hence, no problems
were foreseen in using photon energy in the treatment (Figure
5). During the irradiation, some rats were observed to move as
the anaesthesia effect had worn off. The inclusion of the rectum
region in the radiation field is thought to be the reason for
rectitis development. With this study, it was seen that failure of
immobilization may lead to increased complication rate. In theory,
RT application with photon beam energy was deemed for this
study as appropriate. However, due to unforeseen conditions,
such as failure of immobilization of the rats in this case, electron
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Figure 5. Distribution of radiation dose shaped with multi-leaf
collimator on the irradiated target
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beam RT might be a safer option, since it has a lesser depth of
penetration.

According to the study data, MF was seen to be superior in
respect to preventing erosion development; however, it was not
seen to make any positive contribution to epidermis atrophy,
basal layer degeneration or neovascularisation. Steroids exhibit
anti-inflammatory properties through various mechanisms such
as vasoconstriction, capillary permeability, leukocyte proliferation
and migration (23-25). These can be attributed to the effect of MF
on erosion.

The only superiority of ebselen, which has antioxidant properties,
over the application of propolis, steroid and vaseline, was its
increasing neovascularisation effect. However, propolis was
determined to have a positive effect on both epidermis atrophy
and basal layer degeneration. We believe that ebselen may
promote neovascularisation by reducing oxidative stress, vascular
damaging factors and inflammation.

Propolis has also provided a biochemically available medium
for re-epithelisation through its effects on collagen expression
and degradation mechanisms (29). The anti-inflammatory and
antioxidant properties of propolis may have played a role in
reducing basal layer degeneration (30,31).

No statistically significant difference was determined between
groups in respect of PMNL infiltration, loss of hair follicles or
collagenisation; however, when scores were examined separately,
the collagenisation density was noticeable in the vaseline group
(Figure 6).

To make a reliable evaluation of the effect of the agent used,
agents applied in previous clinical studies in literature related
to radiodermatitis have been used alone. Different effects
observed on different agents in this study raised the idea of
investigating the effect of combined treatments. In light to the
preliminary data obtained, the application of different agents at
different time interval and taking stages of radiodermatitis into
consideration could be considered as an alternative treatment
method in keeping the clinical course of radiodermatitis under
control. As early erythema reaction is due to the increase in
capillary permeability, corticosteroids may be useful in this phase
due to their capillary permeability reducing effect. The primary
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Figure 6. Collagen bundles extending from dermis to
subcutaneous fat tissue. a) hematoxyline and eosine x200 and b)
Masson Trichrome x200
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erythema reaction that is seen with the loss of epithelial basal cells
in the advanced stage can be brought under control by propolis,
which has the property of preventing basal layer degeneration.
When late-stage erythema is considered to be due to dermal
vascular damage, after bringing the primary erythema reaction
under control, changing the application to ebselen may be
useful in minimising late erythema reaction with the increase in
neovascularisation.

When optimum skin quality is maintained after taking all phases
under control, the possibility of seeing more severe findings such
as dry/wet desquamation, ulceration or necrosis can be further
minimised. To the best of our knowledge, no previous study
has been conducted on radiodermatitis neither with propolis or
ebselen nor with photon linear accelerator. Therefore, a need for
further experimental and clinical studies on the efficacy of the
suggested alternative combined topical treatments to support
findings of this study is recommended. The study by Kandaz et al.
(32) is such an example.

Study Limitations

The most important limitation includes the termination of the study
earlier as planned because the loss of 20% of subjects due to severe
rectitis despite sufficient fluid replacement. Consequently, acute
stage reactions were not observed over a sufficiently long period,
and a suboptimal evaluation was made. Nevertheless, we had the
chance to observe the main erythema reaction which occurred
on the 10th day following RT. The range of RT models defined
in animal studies in literature and complications encountered in
those studies demonstrate the need for dosage to be studied on
different devices. The short-term follow-up of radiation-related
skin changes prevented the scoring of skin damage. In addition,
the effect of treatments applied could only be evaluated in the
short-term. However, we believe that preliminary results obtained
from this study would contribute to the design of future studies.

CONCLUSION

The ability to protect the skin quality at the maximum level after
RT is of the greatest importance in respect to patient comfort and
treatment compliance, avoiding failure of the treatment process
and reducing the complication rate of surgical procedures to
be applied. Topical treatments in the prevention or treatment
of radiodermatitis are more advantageous in terms of ease of
application. Despite many experimental and clinical studies, no
consensus has been provided on the point of prevention and
treatment of radiodermatitis. Benefit can be gained from different
mechanisms of different agents taking the physiopathological
course of radiodermatitis into consideration. According to the
preliminary data obtained, it can be predicted that according to
erythema phases, the combined use of MF, propolis and ebselen
could ameliorate the clinical course of acute radiodermatitis.
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